Cuions were implanted to A304 stainless steel by MEVVA ion source. After heat treatment, X-ray show that the precipitation phase is Cu3Fe4 and Cu4Fe although the phase diagram show the solid solution. The implantation process were simulated by molecular dynamic software for the diffusion paths of Cu ion . The simulation result show that: during implant process, Cu ions were implanted to stainless steel by means of replacement and interval position , the surface lattice were damaged therefore in a armorphous condition and during heat treatment .Cu have the tends of precipitation to form intermediate phase in the surface .
Introduction
Antibacterial stainless steel is currently mostly refers to the overall antimicrobial elements Ag, Cu, etc., after melting and heat treatment process to obtain materials with antibacterial function [1] , antibacterial properties of these alloys required to play the material surface and is uniformly distributed within the bacterial phase [2, 3] . Such research is currently focused on the alloy--Cu phase formation issues, -Cu phase morphology, distribution, have an important impact for the antimicrobial effects, surface passivation layer or oxide layer will also affect the antibacterial properties [4, 5] -Cu phase dispersed precipitation of the organizational structure, an important impact on processing performance is a pressing problem [6, 7] . By ion implantation method, can play the purpose of antimicrobial dispersed phase, a powerful antibacterial stainless steel to avoid adding a whole relative to the drawbacks of uneven precipitation. Due to surface etching reagent for metallographic studies and TEM sample preparation requirements of the difficulties and other reasons, the surface of the morphology, microstructure little research, therefore, this paper attempts by molecular dynamics simulation method to simulate the phase of the formation by X-ray diffraction to verify the simulation results.
Calculation and potential function
Potential function is the most important conditions for the accuracy in molecular dynamics calculations. Cu-Cu using Morse function [8] , the function form is given as: Where jj is the energy intensity characteristic value between atoms, jj is the characteristic length between atoms, it has specific meaning when r jj jj , U(jj)= 0.
Model and discussion

Sputtering model
Matrix for pure iron, model of density of 55.84 g/mol. Considering the Fe in 912 for heart cubic structure, its densely atomic planes is the [110], so the model injected direction is the [001]. Using NVT system to Simulation, taking into account the sputtering temperature is the temperature set at 300 , so set to 500K, select the number of atoms of 500, of which Cu atoms are injected dose per unit area of saturated atomic number, its price is +2. The sputtering model is shown in Fig.1 . Fig.1 The implant atomic model of Cu Fig.2 The implant process for Cu From the Fig.2 , In the sputtering process, the surface atom has undergone dramatic changes, Fe atomic arrangement is no longer accurate in its lattice position, it's place has a large range of movement. It is mainly due to sputtering produces high-energy damage to its periodic structure, Cu will replace the iron from position, or the gap position exists. At this point, the surface of the model within a certain range of sputter-induced lattice damage, its structure is similar to amorphous structure.
Cu Fe
Diffusion model
Taking into account ion sputtering high-energy would make a certain thickness (100nm) produced damage around the surface of material, lattice distortion, Therefore, Model is based on Fe-based disordered substrate and Cu dispersed in the Fe matrix. During annealing process, only a certain depth of the surface atom movement, so, fixed the following 10 atomic layers (30nm). Model was shown in Figure3. Simulation using NVT system, temperature settings: 800K, selected 4000 atoms, the number of Cu atoms converted into 180 by the into the measurement of saturation step size of 1 picoseconds.
Simulation results were shown in Figure4. It Shows that it is occurred the enrichment of Cu in surface diffusion and a certain depth distribution of Cu-ion after the ion implantation. It can be shown that the energy E1 (without annealing) and E2 (annealing) peak area is significantly different in figure 5 . It is indicated that the E2, the Cu atoms increase within the same distance in the center of a Cu atom for the system at E2 and Cu atom is more probability enriching. It is found that from Figure 6 , the matrix of Fe maintain a certain rate of diffusion and there is a big spread rate of diffusion in the initial for Cu and the diffusion rate significantly reduced at last. It is caused by the enrichment of Cu. The rich phase is the coexistence of Fe and Cu. If the slope of the mean square displacement tends to 0, there will be a single copper within the system. It is carried out ion implantation and heat treatment experiments according to the simulation results. 
Experiments and Testing
The experimental sample is A304 stainless steel, which was cut into 20×20×0.5mm. Then let it annealing in 200 and polish to mirror smooth. Then it was implanted Cu ion by MEVVA source ion implantation machine, the test parameters are as follows: accelerating voltage: 70kV; intensity pulsed ion current: 200~500mA; average beam intensity: 5×10mA; target chamber siz 2 ; working vacuum: 2×10 -3 Pa; target plate size: 4× ; saturated injected dose: 5.81×1017(ion/cm 2 ) [9] . After the process of ion implantation, the sample was heattd preservation in 500 for 6h by reduction furnace (H 2 ), and corrupted by FeCl 3 + alcohol. The surface morphology are observed by XL30 ESEM as show in Fig.7 . Through simulation(as show in Fig.4) , The precipitation phase(a points) is the aggregation Cu ion, and the GXRD testing as shown in Figure 9 ,there were Cu 3 Fe 4 and Cu 4 Fe in stainless steel surface phase , which verified rich phase existed in the simulation results. 
Conclusions
1) It is feasible to simulate the implantation of Cu ion in stainless Steel by Lennard-Jones and Morse potential function;
2) The experimental result is consistent with the results of saturated ion implantation of stainless steel by molecular dynamics simulation;
3) The phase of Cu precipitate which is Cu 3 Fe 4 and Cu 4 Fe after the heat treatment in 500 .
